By H. WARREN CROWE.
IN my communication of last March1 I described the remarkablẽ growth exhibited by certain streptococci isolated from urine on a modified form of Dorset's egg medium. These organisms produced in their growth colonies of a characteristic colour and shape; one was -flat and remained yellow, another resembled a flattened cottage loaf -and became crimson. They could be recognized when isolated by their macroscopic appearance. The scope of this inquiry has been extended; the colonies of many streptococci have been scrutinized, and in the result the medium has been found to provide a valuable help in differentiating members of this group.
The recipe for the medium differs only from Dorset's in that the process is carried through in sterile fashion, and, as suggested by Fleming, neutral red is added as;an indicator; 0005 per cent. is the proportion which I use.
The exact method of procedure is as follows: A large flask, stoppered by a cotton-wool plug, into which the requisite amount of neutral red has been intrbduced, is autoclaved, together with two rubber corks, -each bored with two holes. One cork, which I will call A, is fitted with -a couple of glass rods or wires with cross-pieces, the ends of which, when pressed home, will extend to within 1 in. of the bottom of the flask. Through the other cork, B, there are passed two glass tubes, the one inserted so far as to reach nearly to the bottom of the flask, the, other 2 in. or 3 in. only from the cork. That part of the former which will be outside the flask is bent so as to form a recurved angle, lightly plugged with cotton-wool, and fitted with a short rubber connexion, whilst the shorter piece of tubing is joined up with a hooded pipette for conducting the medium into tubes or plates, as may be required. A clip is attached to each. Fresh eggs are then soaked in spirit; the flask is removed from the autoclave and the eggs are taken in turn, flamed, cracked at each end by a long pair of sterile sinusforceps, and placed in succession on the top of the flask, the wool plug having been removed. Each egg will be found to discharge quitereadily into the flask if the forceps are pushed through the cracked ends, partly withdrawn, and then opened wide in the interior of the egg to. break the yoke. When the contents of the eggs have been successfully manceuvred into the flask, cork A is removed from the autoclave, and! in its turn replaces the shell of the last egg. After a thorough shaking: has produced a satisfactory emulsion, cork B is reinoved froin the, autoclave, substituted for cork A, and securely tied in position. The clips are adjusted, the flask turned upside down and suspended. The long tubing reaching to the bottom, now the upper end of the flask,. acts as an air valve, and to hasten the flow of the otherwise somewhat. sluggish emulsion, a Higginson syringe bulb can be attached to this tube to increase the air-pressure when required. After an interval to all6oti all pieces of shell or unemulsified albumin to sink below the top of the shorter tube, the medium is run into sterile tubes or plates, which are laid respectively in serum racks or flat trays. Finally, the finished product is gained by heating to 90 C. for half an hour, or by steaming for the same time. If plates are desired, it is important to enclose some absorbent under the lid of the plate, such as sterilized blottingpaper, to prevent water of condensation from dripping on to the medium. Finally, the medium should be dried off in the hot oven at 60 to 700 C. When examining streptococci grown on neutral red egg medium regard must be paid to (1) the colour of the colony (Plate, fig. 1 );
(2) the shape of the colony (Plate, fig. 2); and (3) the effect, if any, on the surrounding medium. Of these, the shape of the colony isthe most importan't, and to see this properly a hand lens should be employed with reflected light, but it must be understood that unless the consistency of the medium is correct characteristic colonies may not appear. If the medium is too moist, distortion may take place by reason of the colonies spreading, whilst, on the other hand, if the medium is too dry the growth will be wrinkled and stunted. A platinum wire should not be able to cut the medium, but the surface should be elastic and recover from the pressure of the needle. Special care must be taken, before forming an opinion, that sufficient time has elapsed for full development, and this may be favoured by keeping the culture at room temperature, or in a cool incubator for several days after incubation at 370 C. Experience, however, will frequently enable one to determine the type of streptococcus within forty-eight hours or less. The best results are obtained by examining recently isolated germs; old cultures are apt to lose their characteristic colonies.
The value of the medium as a means of differentiation is diminished by the fact that some streptococci grow but feebly or not at all. Yet importance attaches to this negative property, for the non-growers are chiefly confined to streptococci isolated from sputum. The division of the streptococci into two groups, A and B, according to the presence or absence of growth on egg medium, corresponds then to a natural classification in respect of their habitat, though there are four notable exceptions to group A:
(1) The pneumococcus, usually grows fairly profusely; rarely may not grow at all.
(2) The Streptococcus mucosus.
(3) A small lanceolate streptococcus, which frequentlv appears capsulated.
(4) Streptococci such as are found in the mouth. All these give perfectly distinctive colonies* on egg medium.
(1) The colony of the pneumococcus is yellow. In its earliest growth a small bump appears; a minute dimple then begins to show itself in the centre of the bump, and finally there develops a small ring with a raised edge and a raised centre.
(2) The Streptococcus mucosus has frequently been thought to be a variation of the pneumococcus; nevertheless the colonies on egg medium are totally different. They are large, slimy-looking masses like drops of rain-water, which may grow to a size of over a quarter of an inch in diameter during twenty-four hours. , Colour reaction varies. Some strains remain yellow, others become rose-pink without affecting the medium, others, again, turn the medium a light crimson, and assume the same colour themselves, but the shape and general appearance of the colony is the, same. This organism, commonly called the EXPLANATION OF THE PLATE. Streptococcus mucosus in this country, is probably identical with that known as the Streptococcus epidemicus in America. A culture of the latter, sent to me by Dr. Winslow, of the American Museum of Natural History, produced these characteristic colonies (Plate, fig. 3 ).
There is, however, another smaller organism, which I call tentatively Streptococcus mucosus II, and to which a capsule cannot always be demonstrated. Of all streptococci, the Streptococcus mucosus II possesses the most distinctive colony. It is shaped somewhat like a flattened'cottage loaf, and is of a pearly-grey appearance. It does not as a rule colour the surrounding medium to any great extent, but the central portion, that is to say the upper or smaller part of the loaf, appears when viewed by direct light to be of a brilliant plum colour.
If sputum in which this organism occurs-and it is extremely commonbe smeared on an egg plate, the colony can be picked out after twentyfour or forty-eight hours' growth by the naked eye from amongst a host of others, on account of this characteristic appearance of a plumcoloured spot (Plate, fig. 5 (2) Certain small diplococci in the mouth.
(3) A streptococcus which usually produces but little if any crimson coloration, until after continued growth. It is most frequently isolated from the tonsils, though I have found it occasionally in urine. It was described in my paper last March as the Streptococcus (?) salivarius. From observations on patients under vaccine treatment this organism possesses a considerable degree of pathogenicity. The colony is large, very flat, circular or irregular in outline, and stippled, or covered by fine rings. Professor Beattie kindly sent me six cultures of the strains of streptococci with which he had produced arthritis in rabbits, and one of them, isolated from the tonsils, was of this variety. Morphologically the chains are fairly long (Plate, figs. 7 and 8).
(II) Colonies crimson, medium crimson: the majority are streptococci from the human alimentary canal. In the group of alimentary streptococci we find three fairly clearly defined types of colonies, all more or less producing crimson, and in addition the flat colony described (I, 3) . As might be expected in streptococci inhabiting the alimentary canal, there is a close family resemblance between them. The youngest colonies are simply small bumps, which in their growth develop a papilla.
Varieties are distinguished by their subsequent behaviour:
(1) The papilla flattens out, but keeps pace with the growth of the rest of the colony, which remains smooth and regular. The appearance is that of a smiooth cottage loaf. This is the Streptococcus f ealis; it is the organism most frequently found in the urine of chronic rheumatism, and was described in my paper as the diploid streptococcus. Professor Beattie's strain, No. 125, which was isolated from an appendix, produced this colony. Morphologically chains are very short; individual cocci are egg-shaped, and lie, as a rule, with their long axes parallel (Plate, fig. 9 ).
(2) This variety is also of the cottage loaf type, and unless the medium is very good cannot be distinguished from (1); yet there is a definite difference to be noted in that the larger part of the loaf (the base) becomes ribbed or fluted. It is found in the sputum in chronic bronchitis, but probably as an accidental infection from the mouth where its occurrence is frequent. Its pathogenicity as a sputum organism is doubtful. None of ProfessQr Beattie's strains grew in this manner, nor have I found it in rheumatic urines. The Streptococcus salivarius sent to me by Dr. Gordon gave this colony; it was isolated from an appendix abscess, but whether present in pure culture I do not know (Plate, fig. 10 ).
(3) The papilla remains small and round, whilst the rest of the colony grows and spreads out; thus is produced the "broad-brimmed hat." This variety is frequently isolated from cases of pyorrheea. Several of Professor Beattie's arthritic strains produced this colony. It is remarkably constant, easily recognized, and is given by old subcultures. It is frequently found in the urine of patients suffering from indefinite rheumatic symptoms (Plate, fig. 11 ).
(4) The Streptococcus pyogenes in my experience provides one of the prettiest and most easily recognized colonies. Take a " draughtsman," paint it crimson, embed it in a flat plasticine surface, and you have the type of colony assumed by this organism. Under certain conditions the resemblance is remarkably striking, on account of the neatness and definition of the ridges and depressions. I regret that the illustrations do not show this characteristic, but frequently when one particularly wants a good specimen it fails to make its appearance. After many subcultures the colony seems to lose its characteristic shape, and it may be impossible of recognition. I cannot say if there is another form of Streptococcus pyogenes: this certainly is the comnmonest (Plate, figs. 12 and 13).
(5) A streptococcus which indents egg mediurn. Many staphylococci indent egg medium, streptococci quite exceptionally. Dr. Winslow sent me a streptococcus which he named the Streptococcus gracilis, and described as a gelatine-liquefying streptococcus. I was under the impression that such were saprophytes. The characteristic of this organism on egg medium was indentation. One of Professor Beattie's rheumatic strains, isolated from a case of malignant endocarditis, behaved in exactly the same way, both as regards gelatine and egg medium. A few days later Dr. Solly sent me a streptococcus for diagnosis. It was isolated from a case which clinically might be malignant endocarditis.
This organism indented the mnedium, as can be seen on the plate, though not so markedly as the former two. Gelatine, however, was unaffected (Plate, fig. 14) .
(6) The Streptococcus anginosus. I have not been able to obtain a culture recently, but I am under the impression that this organism also has a distinctive colony.
The classification of the streptococci has always been somewhat unsatisfactory, and the more so because of the great variety of diseases to which these organisms can give rise. The morphological classification of Lingelsheim for a long time held the field. Then there came Dr. Andrewes's and Dr. Gordon's valuable classification by the sugar reactions, which gains probability from the fact that the streptococci thus divided fall more or less into groups, coinciding with their natural habitat: facal, salivary, connective tissue and those affecting the organs of respiration.
In reviewing my experience of the growth of streptococci on neutral red egg medium, I find that the Andrewes-Gordon classification provides a good working basis, inasmuch as streptococci thus divided present characteristic colonies, but I would suggest that by the use of this differentiating medium further definite subdivisions can be introduced. Thus the salivarius group should be subdivided into three-according as the colonies are flat and yellow (I, 3), or resemble a cottage loaf with fluted edges (II, 2), or a broad-brimmed hat (II, 3); the pneumococci int& two or perhaps three-viz., the pneumococcus, Streptococcus mucosus and Streptococcus mucosus II; whilst the "lung" streptococci, which grow but feebly, or not at all, on egg medium, may require to be placed in a class apart. Such an arrangement of the latter might well correspond to a natural division, for streptococci, which produce disease in the lungs, broadly speaking, may be found to be air-borne, whereas other pathogenic streptococci may be water-borne. In the table I have tried, however tentatively, to bring these various classifications into line.
The chief varieties capable of causing arthritis, both in rabbits and also in the human subject, are I, 3, II, 1, and II, 3, designated the flat colony, the smooth cottage loaf, and the broad-brimmed hat. In my paper of last March I suggested that the second organism was the probable cause of chronic rheumatism, but during the discussion the opinion was expressed that I was casting an unwarrantable aspersion on a harmless saprophyte. Some degree of pathogenicity, and potentially of extreme virulence, must, however, be allowed to these short-chained organisms. The fact that one of Professor Beattie's streptococci, which produced arthritis in rabbits, gave the same colony, and was isolated from an acute case of disease, is strong evidence in support of my claim.
Still stronger evidence is afforded by the converse experiment, for Professor Beattie injected rabbits with two of my strains isolated from patients suffering from chronic rheumatism, but otherwise healthy, and produced arthritis. The cultures were selected because they gave the typical cottage loaf colony on neutral red egg medium.
The organism described by Poynton and Paine, and occasionally referred to as the Diplococcuts rheumaticus, would probably give a colony of the cottage loaf or broad-brimmed hat type, but despite my efforts I was unable to obtain a culture.
In conclusion, I must express my most sincere thanks to Professor Beattie for sending me his rheumatic strains, and also for his kindness in injecting rabbits with my cultures; to Dr. Gordon for typical streptococci of his four main groups, "hall-marked," if I may use the term; they were most helpful to me in bringing my classification into line with his valuable work; to Dr. Ainley Walker for the contribution of his original strains; unfortunately, his manipulated cultures had been destroyed, or it would have been most interesting to have contrasted the evolved varieties; to Dr. Ledingham for sending me a series from the Lister Institute; to Dr. Solly and to Dr. Pethybridge for sending contributions of various streptococci; and very particularly to Dr. Winslow, of the American Museum of Natural History, for a splendid series of eight named varieties. Unfortunately the journey proved too long for the Streptococcus conglomeratus, Streptococcus mitis and Streptococcus mucosus, the death of the last-named especially being to me a matter of regret, as it is obvious that the organism named by Dr. Winslow Streptococcus epidemicus is identical with our Streptococcus mucosus. To what, then, would the Streptococcus mucosus of America correspond? My thanks are also due to Mr. Grant, the English proprietor of the Lumiere process, and to Mr. Stoneman, photographer, of Plymouth, to whom I am indebted for valuable advice in preparing the autochrome plates, by which the shape and colour of the colonies are illustrated.
